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ABSTRACT 
The Effects of Disease, Prey Fluctuation, 
and Clear-Cutting on American Marten 
in Newfoundland, Canada 
by 
Richard J. Fredrickson, Master of Science 
Utah State University, 1990 
Major Professor: Dr. John A. Bissonette 
Department: Fisheries and Wildlife 
viii 
Individual variation in survival and behavior of American marten 
(Martes americana) was studied in relation to disease, prey fluctuation, 
and clear-cutting from 10 January 1986 through 20 August 1987 in 
Newfoundland, Canada. Thirty-seven of forty marten captured on the study 
area were telemetered and monitored for part or all of the study. 
Marten mortality was concentrated in two intervals, fall 1986 and 
late winter 1987. Mortality during fall 1986 was attributable to 
encephalitis, while marten deaths during late winter 1987 resulted from 
predation and starvation attributable to the prey decline. Non-
suppurative encephalitis was first detected 7 October 1986; no further 
evidence of the disease could be found after 1 November 1986. In early 
October 1986, declining populations of meadow voles were documented; by 
June 1987 no voles could be found on the study area. 
In both mortality periods, young-of-the-year marten had lower 
survival rates than older marten, and transients survived less well than 
ix 
residents. However, encephalitis appeared to be a less selective 
mortality agent than the prey decline. Females, considered to be more 
vulnerable to resource perturbations, had lower survival rates and males 
higher rates during late winter 1987 than during the disease epizootic. 
Clear-cutting operations ran from 4 August 1986 through 14 November 
1986; 3% (259 ha) of the study area was cut. Marten of all ages avoided 
clear-cuts during logging operations and for the first nine months 
afterward. Resident kits made significantly greater use of clear-cuts 
than older residents and were 3.2 times more likely than older residents 
to be found within clear-cuts. However, resident kits were 2.6 times and 
adults 8.3 times more likely to use habitats other than clear-cuts. 
The decline in prey abundance resulted in several changes in marten 
movement and spacing behaviors. Intrasexual home range overlap by 
residents was eliminated. All female residents present before the prey 
decline either died or abandoned their home ranges. The ratio of 
transients to resident numbers increased. Recolonization of vacated 
habitats was slower, and duration of dispersal for females increased. 
Intruder pressure and mating access appeared to play little role in the 
observed changes in social spacing. The decline in marten numbers during 
and after the prey decline appeared to have been partially affected by 
changes in spacing behaviors. 
(86 pages) 
X 
INTRODUCTION 
The objective of this thesis is to explore how individu al 
differences resulted in variation of behavioral responses and survival of 
American marten (Martes americana) and how variation affected · marten 
population numbers and composition. To accomplish this, marten behavior 
and survival were studied in response to epizootic disease, prey 
fluctuation, and clear-cutting in Newfoundland, Canada. 
This thesis was written as a series of manuscripts. The first 
chapter quantifies the effects of disease and prey abundance on marten 
survival rates and contrasts the survival patterns resulting from each. 
Chapter two examines short-term behavioral responses of marten to clear-
cutting. The third chapter considers how the prey decline, acting on 
individual differences, affected marten home range overlap and size, 
dispersal, colonization, and territorial defense. Additionally , factors 
potentially affecting social spacing in marten are discussed . 
CHAPTER I 
DIFFERENTIAL SURVIVAL OF AMERICAN MARTEN IN 
NEWFOUNDLAND, CANADA 
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In animal populations, survival probabilities among sex and age 
classes are rarely homogeneous. For example, survival of fledgling and 
newly independent yellow -eyed juncos (Junco phaenotus) was significantly 
lower than survival of adults (Sullivan 1989). Fledglings were highly 
susceptible to predation, due to their lack of vigilance, while starvation 
resulting from inefficient foraging was the major mortality factor for 
newly independent juncos. Differences in age and sex are often used to 
explain differences in survival, although other characteristics may also 
be important . 
Survival patterns may be expected to differ between resource- and 
nonresource-related (e.g., disease) perturbations. When resources are 
partitioned unequally among socially dominant and subordinate individuals, 
a decline in resource abundance may heighten differences in resource 
access and in mortality rates . Dominants will exclude conspecifics, and 
subordinates will be forced into suboptimal areas. For example, juvenile 
and female gray squirrels (Sciuris carolinensis) suffered increased 
mortality rates after being forced into suboptimal habitats by dominant 
adult males during a food decline (Gorman and Roth 1989). Although 
survival during a resource decline may be contingent upon an animal's 
ability to gain access to contested resources, survival in the face of 
disease will depend on the ability to avoid and combat infection. 
Accordingly, mortality rates of dominant and subordinate individuals may 
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be similar. However, malnutrition and other forms of stress that are 
determined by resources may still have some effect on the impact of 
disease (Anderson and May 1979, May and Anderson 1979, Scott 1988, Thorne 
and Williams 1988). 
Survival of American marten (Hart es amer icana) was studied in 
relation to two environmental changes, a disease epizootic and a decline 
in prey abundance. Nonsuppurative encephalitis was first detected on 7 
October 1986. After 1 November 1986, no further evidence of disease was 
found in the population. The diagnosis was reached after post-mortem and 
lab analysis of tissue samples at Ontario Veterinary College, Guelph, 
Ontario, although the causal agent was not identified (see Appendix 1). 
It appeared that all infected marten died. 
Coincidentally, a sharp decline in meadow voles (Hicrotus 
pennsylvanicus), the most important prey item for marten on the study 
area, was documented (Tucker 1988). Vole density had declined from 25 
/hectare in June 1986 to 7.1 /hectare in early October 1986. During the 
same period, masked shrews (Sorex cinereus) appeared to decline, although 
the changes were not statistically significant. By June 1987 no voles 
could be found on the study area, while shrew density was unchanged from 
October 1986. The meadow vole decline apparently occurred regionwide; the 
cause was undetermined (Tucker 1988). 
Three questions were addressed: 1) Were the prey decline and 
disease correlated with changes in marten survival? 2) Did marten 
survival probabilities differ between classes of individuals? 3) Was 
marten survival affected differently by the disease and prey decline? 
4 
STUDY AREA 
The 100 km2 study area was located approximately 50 km south of 
Corner Brook, Newfoundland, between Grand and Little Grand Lakes (Figure 
1). Topography ranged from rolling to mountainous, with elevations from 
120 to 630 meters. Mature and old-growth forest was interspersed with 
ponds, bogs, rocky barrens on high hilltops, and younger stands resulting 
from natural disturbances . Prior to this study, the area had not been 
logged. The study area was within the Corner Brook Section of the Boreal 
Forest Region of Canada (Rowe 1972) . The predominant forest type was 
balsam fir (Abies balsamea)-black spruce (Picea mariana), usually with 
intermixed white birch (Betula papyrifera). White spruce (Picea glauca) 
and larch (Larix laricina) stands were also present . Eastern white pine 
(Pinus strobus) was mixed commonly with balsam fir and black spruce at low 
elevations. 
Swnmers in this region are cool ( mean July temperature l 7°C) and 
winters moderately cold (mean January temperature - 6°C) . Annual 
precipitation averages 115 cm with mean annual snowfall of 520 cm (data 
from Stephenville weather station) . 
Six small mammal species were present on the study area : meadow 
voles , masked shrews, red squirrels (Tamiasciurus hudsonicus), deer mice 
(Peromyscus maniculatus), snowshoe hare (Lepus americanus), and eastern 
chipmunks (Tamias striatus) (Tucker 1988). Of these, deer mice (Tucker 
et al. 1988) and chipmunks were uncommon. Hare occurred in low numbers 
on the old-growth study area where regenerating stands were in close 
proximity . Meadow voles and masked shrews comprised the majority of the 
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food items consumed by marten, while snowshoe hare, red squirrels, birds, 
carrion, and berries were used infrequently (Tucker 1988). 
METHODS 
Marten were monitored before, during, and after epizootic disease 
and a simultaneous regionwide prey decline . 
Initial marten trapping began in November 1985. Trapping resumed 
in January 1986 when the study began and continued into August 1987. The 
goal was to capture all marten residing on the study area and as many of 
the transients passing through the area as possible. 
Marten were captured using National live traps (57xl5xl5 cm). 
When handling was necessary, marten were immobilized with ketamine 
hydrochloride. First premolars were pulled for age determination by 
analysis of cementum annuli (Matson's, Milltown, Montana). Thirty seven 
of forty marten captured on the study area were fitted with radio collars 
(Lotek Engineering, Aurora, Ontario) weighing approximately 50 g, with a 
life expectanc y of six to eight months . All collars included a mortalit y 
sensor set to six hours. Telemetered marten on the study area were 
relocated daily during the summers and winters of 1986 and 1987. 
Relocation was less intensive during spring and fall . 
Techniques presented in Heisey and Fuller (1985) were used to 
calculate daily and interval survi v al rates and to test for differences 
between rates . The method is based on the number of animal exposure days 
within a particular time interval . The technique permits staggered entry 
(the use of animals who were first captured after the study was in 
progress) and censoring (animals with whom contact was lost before the 
end of the study due to emigration or radio collar failure). Marten were 
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included in calculations only when they were known to be on the study 
area. Inclusion of marten in survival calculations for the times when 
they were not on the study area but known to be alive requires the 
assumption that survival probabilities in areas beyond the study area were 
not different from those on the study area. This was almost certainly not 
the case in the present study because marked animals moved long distances 
through areas where fur trapping was permitted. Thus, the number of 
marten days used in calculations is the number of days individual marten 
were known to be on the study area, as determined by radio telemetry, 
trapping, or visual sighting . For most marten mortalities, the date of 
death was known; the remaining mortalities were dated to within three days 
of death. The technique used in calculating survival rates is robust to 
minor inaccuracies in mortality dates (Heisey and Fuller 1985). Survival 
rates were compared using Z- tests; differences were considered significant 
at alpha=0.10 (D. Heisey, pers. commun . Mar 1989) . The study population 
included all marten found on the 100 km2 study area for at least one day 
between 10 Januar y 1986 and 20 August 1987. Intervals used for an a l y sis 
were determined by examining the distribution of marten mortalities over 
time . 
RESULTS 
Marten mortality was concentrated in two intervals : mid-September 
through mid-November (fall) 1986 and February through March (late winter) 
1987 (Table 1) . No mortalities were detected in the remaining three 
intervals. Daily survival rates (DSR) and standard errors (Tables 2,3) 
were calculated from a total of 3,931 marten days (Table 1), with 13 
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deaths among 40 marten. Marten sample sizes for all comparisons may be 
found in Table 4. 
DSR for the five intervals were compared to test the null hypothesis 
of constant marten survival through the study. Survival during fall 1986 
was significantly lower than in the three zero-mortality intervals (Z = 
3.18, P = 0.001) but did not differ significantly from late winter 1987 
(Z = 0.51, P = 0.305). Survival during late winter 1987 also was 
significantly lower than in the three zero mortality intervals (Z = 1.75, 
P = 0.040). 
Appendix 2. 
Outcomes of all survival rate comparisons may be found in 
Since marten survival during fall 1986 and late winter 1987 was 
significantly lower than during other intervals, DSR within these 
intervals were examined to test the null hypothesis of equal survival 
probabilities among the individual marten. To do this, marten were 
classified by sex, age, and functional differences, and the DSR of the 
classes were compared. 
Mortality was not evenly distributed among the various classes of 
marten. Of the age-sex classes, young-of-the-year (YOY) females had the 
lowest DSR in fall 1986 and late winter 1987 (Table 2) . During fall 1986, 
YOY female survival was significantly lower than that of yearling females 
(Z = 1.45, P = 0.074) and yearling males (Z = 2 . 04, P = 0 . 021). Adult and 
YOY males during fall 1986 had the second and fourth lowest DSR, 
respectively (Table 2), and were significantly lower than yearling males 
(Z = 1.42, P = 0.078 and Z = 1.42, P = 0.078), who suffered no mortality. 
When only age classes were considered, YOY marten had significantly lower 
DSR than yearlings (Z = 1.82, P = 0 . 034). 
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During late winter 1987, YOY females had significantly lower DSR 
than all other age-sex classes (Z = 1.32-1.53, P = 0.093-0.063) except YOY 
males which were not present during the interval (Table 2). Similarly YOY 
marten had significantly lower DSR than adults (sexes combined) (Z = 1.43, 
P = 0.076) and yearlings (Z = 1.53, P = 0.063). No mortalities were 
observed among yearling males throughout fall 1986 and late winter 1987 
(Tables 1,2). 
Differences in DSR also were apparent when marten were classified as 
residents, transients, and kits (a YOY marten not yet dispersed from its 
natal home range). Among functional classes, DSR for transient females 
and males were significantly lower than residents and kits of either sex 
(Z = 1.99-2.17, P = 0.023-0.015 female transients, Z = 1.36-1 . 51, P = 
0.087-0.066 male transients) during fall 1986 (Table 3). Resident males 
also had significantly lower DSR than male kits (Z = 1 . 42 , P = 0 . 078), who 
suffered no mortalities. When the sexes were combined, trans i ent s ha d 
lower survival than residents (Z = 2.52, P = 0.006) and kits (Z = 2.56 , P 
0 . 005) (Table 3). 
During late winter 1987, only transient females, resident females , 
and resident males were present. No mortality among resident males was 
documented during this interval (Table 3). Transient females again had 
lower survival than resident females (Z = 1.43, P = 0.076) and resident 
males (Z = 1.53, P = 0.063). Resident females also had a lower sur v i v al 
rate than resident males although the difference was not significant . 
With the sexes combined, survival of transients still was lower than that 
of residents (Z = 1.49, P = 0.068) (Table 3). 
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When marten were grouped only by sex, females had a lower DSR than 
nales in fall 1986 and late winter 1987, but the differences were only 
~ignificant during late winter 1987 (Z = 1 . 75, P = 0.04) (Table 3). 
The decreases in DSR during fall 1986 and late winter 1987 were 
symptomatic of a rapid decline in marten numbers. The interval survival 
rate of females from mid-September 1986 through March 1987 was 0.038 (95% 
C.I. 0.012 - 0 . 39). The interval survival rate for males in fall 1986 was 
0. 55 (95% C. I. 0 . 33 - 0.99); no male mortalities were observed after this 
period. During fall 1986 nine of ten marten mortalities resulted from the 
disease outbreak; the cause of the remaining mortality could not be 
determined. However, the mortalities documented in late winter 1987 
resulted from starvation and predation, apparently a consequence of the 
prey decline. 
Of the mor talities recorded during late winter 1987, one was the 
result of starvation. A second marten was eaten by a red fox (Vulpes 
vulpes), although it is not clear whether the fox killed or scavenged the 
marten . These two marten had the lowest body masses observed . Female 
marten throughout this study typically ranged from 700 - 850 g; however, 
these two marten each had body masses of 625 g at their initial capture. 
The first had dropped to 550 gather death two days later; the second 
died 13 days after her first capture. A third marten apparently died as 
a result of a failed predation attempt . Post-mortem examination revealed 
extensive internal organ ·damage. Her body mass at death was 800 g. 
Two other incidents of predation on marten were noted. The first 
was an unsuccessful predation attempt by a hawk owl (Surnia ulula) on a 
female resident on 1 November 1986. The marten escaped, apparently 
unhurt, by falling or jumping ten feet to the ground and rushing into a 
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hole . In the second incident, a young transient marten was killed and 
eaten by either a raptor or a raven (Corvus corax) 5 December 1986. This 
mortality was not included in survival rate calculations because the 
capture, handling, and radio collaring of this animal the previous day may 
have contributed to its demise. Prior to the prey decline, no predation 
incidents on marten were noted. 
Given the difference in the mortality sources during fall 1986 and 
late winter 1987 , one might expect to find different patterns of class-
specific survival . This possibility was explored by comparing class-
specific survival rates within and between the two intervals. As a 
mortality agent, disease appears to have acted less selectively on the 
various classes of marten, producing a more generalized pattern of 
mortality as contrasted with that eventually resulting from the prey 
decline in late winter 1987 . Although survival of transient and YOY 
marten was lower during both intervals than that of residents and of 
marten greater than one year of age, some differences in sur v i va l were 
noted. No male mortalities were observed in late winter 1987. 
Consequently , males during late winter 1987 had a significantl y high er DSR 
than males during fall 1986 (Z = 2.01, P = 0.022) . Additionally, males in 
late winter 1987 had higher survival rates than females during the sam e 
interval (Z - 1. 75, P - 0. 04), although there was not a significant 
difference in male and female DSR during fall 1986 (Z = 1.08, P = 0 . 14). 
Conversely, YOY marten survived less well in late winter 1987 than in fall 
1986 (Z = 1 . 29, P = 0.099). 
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DISCUSSION 
Impacts of Disease 
Disease appeare d to be a less selective mortality agent than the 
prey decline. One would expect that the more vulnerable classes would 
show higher survival rates, closer to those experienced by the less 
vulnerable classes when a generalized mortality agent is operating. 
Conversely, lower relative survival by the vulnerable classes would be 
expected when a more selective agent is operating. Previous studies have 
noted that female marten appear to be more susceptible to stress - induced 
mortality than males, due to increased energetic demands associated with 
their smaller bod y sizes and greater reproductive costs (Hawley and Newby 
1957, Weckwerth and Hawley 1962). Likewise, reduced survivorship of YOY 
terrestrial vertebrates resulting from lower foraging efficiency or 
greater susceptibilit y to predation often has been noted (Sullivan 1989) . 
I observed less pronounced mortality of female and YOY marten during the 
disease episode, while these marten classes suffered disproportionately 
high mortality during late winter 1987 . 
Altered mortality regimes have frequently been reported for disease 
stressed populations . Age-specific mortality rates of feral cats on a 
sub-Antarctic island changed after infection with feline panleucopaenia, 
resulting in an altered population age structure (van Rensburg et al . 
1987). The presence of disease may produce a variety of other effects not 
observed in this study. Besides direct mortality, disease infection may 
result in reduced growth rate and delayed sexual maturity, thereby 
reducing reproductive potential, increasing susceptibility to predation, 
and decreasing competitive ability (Scott 1988). Altered dispersal 
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patterns have been documented in rabid foxes (Anderson et al. 1981) and 
in badgers infected with bovine tuberculosis (Anderson and Trewhella 
1985) . If infection increases vagility, the individual may be exposed to 
an increased risk of predation. If vagility is reduced with infection, 
feeding and predator escape may be affected (Scott 1988). I detected no 
changes in dispersal pattern resulting from disease infection, although 
the prey decline appeared to affect dispersal of some marten (see Chapter 
3) . 
Infection may also change the dynamical behavior of the host 
population . In central and southern Europe, rabies is believed 
responsible for the four-year cycles in fox abundance (Anderson et al. 
1981). Rabies in foxes is highly pathenogenic and will only persist at 
very low levels of prevalence. During periods of low fox abundance the 
disease may disappear on a local scale, only to reappear as an epizootic 
when fox abundance is high . Alternate host species may be important for 
maintaining endemic rabies during periods of low fox abundance (Anderson 
et al . 1981) . Transmissibility and pathogenicity of diseases are known 
to be affected by host genetics and by non-genetic factors, including 
malnutrition and other forms of stress (Anderson and May 1979, Scott 1988, 
Thorne and Williams 1988). In some cases, variation in nutritional status 
or other types of stress through time may allow a system to exhibit 
alternative stable states, in other words, an epizootic outbreak of a 
formerly endemic parasite (May and Anderson 1979). 
Effects of the Prey Decline 
The pattern of class-specific survivorship seen during the marten 
prey decline also has been observed in squirrels during food shortages. 
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In gray squirrels (Sciuris carolinensis), juveniles and adult females had 
lower survivorship than dominant adult males during a period of food 
shortage. Adult males occupied the best habitats, while females and 
juveniles were relegated to marginal habitats with low food abundance 
(Gorman and Roth 1989). Similarly, subordinate red squirrels forced into 
sub-optimal habitats had greater mortality (Rusch and Reeder 1978). The 
same individual differences that affected survival rates also appeared to 
influence dispersal tendencies (see Chapter 3) . 
Lack of predation on marten at other times during the study suggests 
that the increase in predation I noted may have resulted from local 
predators, that had formerly preyed on meadow voles, becoming more 
opportunistic as voles decreased. In western Finland, raptor predation 
on least weasels (Hustela nivalis) was low during the increase phase of 
a microtine cycle (ca. 20% of available weasels conswned) but increased 
dramatically to about 80% of the weasels available as microtines declined. 
No weasel predation was documented during the low phase (Korpimaki and 
Norrdahl 1989) . Since the% of mustelid prey in the diets was positively 
correlated with the body weight of the raptor species, larger mustelids 
presumably suffered lower predation rates. This suggested that male least 
weasels may have suffered lower predation rates than smaller sized females 
(Korpimaki and Norrdahl 1989) . Raptor and red fox predation on European 
marten (Martes martes) have been noted by Pulliainen (1981). 
Disease Persistence 
Theoretical models have been used to elucidate the factors affecting 
disease persistence and the degree of host population depression. For a 
directly transmitted microparasitic disease in a homogeneous host 
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population, models suggest that parasite pathogenicity (defined as the 
mortality rate of infected hosts and/or the extent to which host 
reproductive capability is diminished), host density, host immigration (or 
reproductive) rate, and the extent of acquired immunity exert the most 
influence on system dynamics (Anderson and May 1979, May and Anderson 
1979) . 
A disease will not persist in the host population if it is 
sufficiently pathenogenic to reduce host numbers more rapidly than 
increases due to immigration (or reproduction); in this case, host density 
will eventually decrease below the threshold necessary for disease 
persistence . The higher the immigration rate, the greater will be the 
degree of host population depression relative to the disease-free host 
equilibrium value (Anderson 1989) . Consequently, disease is more likely 
to persist within , and cause severe reduction of , host populations with 
high immigration rates; this phenomenon results from the high inflow of 
susceptible but uninfected hosts. Diseases with short durations of 
infec t ion , long i n cubation periods, and high pathogenicity will have high 
host threshold densities. Highly pathenogenic diseases usually persist 
at low levels of prevalence, if they persist at all (Anderson and May 
1979). 
It appears that the marten epizootic quickly extinguished itself. 
The parasite's high pathogenicity allowed the disease to reduce quickly 
the host population below the threshold density necessary for disease 
persistence . It is interesting to note that the disease outbreak became 
apparent when YOY marten were dispersing in large numbers from their 
maternal home ranges thus increasing the effective immigration rate and 
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probably the degree of marten population depression. There was no 
evidence of acquired immunity in the marten population (see Appendix 1). 
Concerns of Low Population Size 
Contrary to conventional wisdom, host-pathogen systems do not 
necessarily evolve towards diminished virulence; systems also may evolve 
towards intermediate or increased levels of virulence (May and Anderson 
1979, Hamilton 1982, May and Anderson 1983a, May and Anderson 1983b, 
Anderson 1989). Models combining population genetics and epidemiology 
suggest that the evolutionary fate of a particular host-pathogen system 
depends on the details of the relationship between parasite virulence and 
transmissibility, and the costs to the host of evolving resistance (May 
and Anderson 1983a). As an example, the myxomatosis virus quickly changed 
from a highly virulent pathogen (killing an estimated 99% of rabbits) to 
one of intermediate pathogenic i ty, when introduced to Britain. However, 
it has begun more recently to increase in virulence (Ross 1982) . 
Although parasitic infection may act as a selective agent in the 
maintenance of genetic polymorphism in the host population (Allison 19 82 , 
Hamilton 1982), any type of severe perturbation to a small population may 
result in lowered polymorphism. Subsequent inbreeding of the reduced 
population may extinguish much of the genetic variability once present . 
The extreme lack of genetic variability in cheetahs (Acinonyx jubatus) 
(ten to 100 times less variation than other studied mammalian species) is 
believed to result from a population bottleneck followed by inbreeding 
(O'Brien et al. 1983). Symptomatic of their low genetic variability is 
the high% of morphologically abnormal sperm (71% in cheetahs vs. 29% in 
domestic cats), the high incidence of juvenile mortality in captive 
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populations, and the extreme susceptibility of cheetahs to feline 
infectious peritonitis (O'Brien et al . 1985) . Many other threatened or 
endangered vertebrate species have also shown high juvenile mortality in 
captive populations (Ralls et al. 1988) and have been highly affected by 
diseases or vaccines that have little or no clinical effect on closely 
related species (Thorne and Williams 1988). 
For marten in Newfoundland there is little reason to believe that 
the disease will not reoccur or that it will necessarily become less 
lethal to marten. Fluctuations in prey abundance, whether coincident with 
disease occurrence or not, will continue to affect marten dynamics in the 
future. For a population estimated to number from 631-875 in 1983 (Snyder 
and Hancock 1985), periodic 61 to 99 % reductio .ns in the female portion 
of the population would warrant extreme concern for the demographic and 
genetic viability of the marten population in Newfoundland. 
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Tablt 1 . 1 . Number of marten exposure days and mortalities used in 
surv :val calculations, listed by age-sex class and by functional-sex class 
for :he five survival intervals. Classes are defined in the text; M = 
male F - female, YOY = young-of-year. 
Clas f 
Age-Eex classes 
M YO 
M Yecrling 
M Adtlt 
F YO'.: 
F Yecrling 
F Adtlt 
Tota ] 
139 
299 
532 
142 
330 
446 
Functional-se x classes 
M Kit 
M Trmsient 
M Resi dent 
F Kit 
F Tr ansient 
F Reside nt 
Total 
139 
13 
830 
66 
ll2 
741 
1901 C 
Seasons and Mortalitiesa 
SeN 
171 
122 
140 
llO 
125 
83 
751 
155 
16 
262 
87 
26 
205 
751 
# Mort NoJb 
2 
0 
2 
4 
1 
1 
10 
0 
2 
2 
1 
4 
1 
10 
25 
154 
77 
36 
93 
77 
462 
23 
2 
231 
21 
15 
170 
462 
FeM # Mort ApAb 
0 
ll8 
59 
14 
59 
57 
307 
0 
0 
177 
0 
14 
ll6 
307 
0 
0 
0 
2 
0 
1 
3 
0 
0 
0 
0 
2 
1 
3 
0 
22 
423 
0 
7 
58 
510 
0 
22 
423 
0 
29 
36 
510 
aJaS = January through mid-September 1986 , SeN = mid-September through 
mid-November 1986, NoJ= mid-November 1986 through January 198 7, FeM 
= February through March 1987, ApA = April through August 1987 . 
bNo m>rtalities during these periods . 
cThe difference in total marten exposure days used in the two 
classification schemes during JaS results from exclusion of marten 
whose ages were unknown. 
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Table 1.2. Daily survival rates (DSR) and standard errors (SE) for marten 
during mid-September through mid-November 1986 (Fall 1986) and February 
through March 1987 (late winter 1987). M - male, F = female, YOY= young-
of-year. 
Fall 1986 Late Winter 1987 
Class DSR SE DSR SE 
All marten 0.9867 0.004183 0.9902 0.005614 
Ag;e Classes 
YOY 0 . 9786 0.008623 0. 8571 0.09352 
Yearling 0.9960 0.004040 1.000 0.000 
Adult 0.9865 0. 007715 0. 9914 0.008583 
Age-sex Classes 
M YOY 0.9883 0.008222 NPa 
M Yearling 1.000 0 . 0000 1 . 000 0.000 
M Adult 0.9857 0.01003 1.000 0.000 
F YOY 0.9636 0.01785 0.8571 0 . 09352 
F Yearling 0.9920 0. 007968 1.000 0.000 
F Adult 0.9880 0. 01198 0 . 9824 0.01739 
aNot present during this interval. 
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Table 1. 3 . Daily survival rates (DSR) and standard errors (SE) for 
functional-sex and sex classes during mid-September through mid-November 
1986 (Fall 1986) and February through March 1987 (Late Winter 1987) . M = 
male , F = female . 
Late Winter 1987 Fall 1986 
Class 
DSR SE DSR SE 
Functional Classes 
Kit 0.9959 0.004124 NPa 
Transient 0 . 8571 0.05400 0. 8571 0 . 09352 
Resident 0.9936 0 . 003697 0 . 9966 0 . 003407 
Functional-sex Classes 
M Kit 1 . 000 0.000 NP 
M Transient 0.8750 0 . 08268 NP 
M Resident 0.9924 0.005377 1 . 000 0.000 
F Kit 0.9885 0. 01143 NP 
F Transient 0.8462 0.7076 0 . 8571 0 . 09352 
F Resident 0 . 9951 0 . 004866 0 . 9914 0.008583 
Sex Classes 
Male 0 . 9908 0.004703 1.000 0.000 
Female 0 . 9811 0 . 007630 0 . 9769 0 . 01317 
aNot present during this interval . 
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Table 1.4. Number of marten used in survival calculations, listed by age-
sex class and by functional-sex class for the five survival intervals . 
Classes are defined in the text; M = male, F = female, YOY = young-of-
y ear. 
Class 
Age-sex classes 
M YOY 
M Yearling 
M Adult 
F YOY 
F Yearling 
F Adult 
Functional - sex classes 
M Kit 
M Transient 
M Resident 
F Kit 
F Transient 
F Resident 
JaS 
3 
3 
3 
3 
3 
2 
17 
3 
3 
5 
2 
3 
5 
21 
SeN 
7 
2 
3 
7 
3 
2 
24 
3 
4 
s 
2 
6 
4 
24 
Seasons a 
NoJ 
2 
2 
1 
3 
2 
1 
11 
2 
1 
3 
1 
2 
3 
12 
FeM 
0 
2 
1 
2 
1 
1 
7 
0 
0 
3 
0 
2 
2 
7 
ApA 
0 
1 
3 
0 
1 
2 
7 
0 
1 
3 
0 
3 
1 
8 
aJaS = January through mid-September 1986, SeN = mid-September throu gh 
mid-November 1986, NoJ = mid-November 1986 through Januar y 1987, FeM 
= Februar y through March 1987 , ApA = April through August 198 7 . 
bMarten totals for some seasons differ between the two classificatio n 
schemes due to exclusion of marten whose ages were unknown . 
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CHAPTER II 
SHORT-TERM EFFECTS OF CLEAR-CUTTING ON AMERICAN 
MARTEN IN NEWFOUNDLAND, CANADA 
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Marten prefer mature or old-growth coniferous or mixed forests with 
high overstory density (Clark and Campbell 1977, Koehler and Hornocker 
1977, Soutiere 1979, Hargis 1982, Steveton and Major 1982, Douglas et al. 
1983, Raine 1983, Spencer et al. 1983, Bateman 1986, Thompson 1986, Snyder 
and Bissonette 1987) and avoid or only seasonally use clear-cut areas 
(Clark and Campbell 1977, unpub. manu .; Steventon and Major 1982, Snyde r 
and Bissonette 1987). Soutiere (1979) documented that marten occurred at 
reduced densities in extensively cut areas. Increased prey abundance 
( Bateman 1986), increased access to prey (Koehler and Hornocker 1977, 
Hargis 1982, Steventon and Major 1982, Bissonette et al. 1988) , and 
decreased predation risk (Pulliainen 1981) in uncut areas have been 
s uggested to explain marten preference for uncut forests . In 
Newfoundland, marten prey appeared to be more abundant in uncut for ests 
(Bateman 1986), although studies elsewhere found preferred prey species to 
be more abundant in clear-cut areas (Clough 1988). Thompson (1986) found 
that marten encountered and killed more prey in uncut areas, even though 
pre y were more abundant in the clear-cuts on his study area. 
Additionally, forests provide lower snow depths and greater access to 
subnivean prey than clear-cuts or other openings (Koehler and Hornocker 
1977, Hargis 1982, Steventon and Major 1982, Bissonette et al. 1988). 
Predator avoidance may be enhanced in forests by reducing detection b y 
aerial predators and by providing escape routes from red foxes (Vulpes 
vulpes) via tree boles (Pulliainen 1981). 
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This study investigated the short-term effects of clear-cuttin g on 
marten habitat use in an area that was previously uncut . Areas regularly 
used by resident marten, as determined by radio telemetr y , were 
intentionally selected for clear-cutting. 
before, during, and after clear-cutting. 
Habitat use was doc umented 
Pre - cutting studies were 
conducted from 10 January 1986 through 3 August 1986. Pulpwood harvesting 
operations began 4 August 1986, and continued through 14 November 1986. 
Post -cuttin g studies were conducted from 15 November 1986, throu gh 17 
August 1987. Specifically, I examined use of clear-cuts by predispersal 
kits and older residents during cutting operations and in the first nine 
months immediately following clear-cutting. Additionally, I compar ed use 
of the clear-cuts to use during the seven months before cutting. 
STUDY AREA 
The 100 km2 study area was located approximately 50 km south of 
Corner Brook, Newfoundland , between Grand and Little Grand Lakes (Figure 
1). Topography ranged from rolling to mountainous , with elevations from 
120 to 630 meters. Mature and old-growth forests were interspersed with 
ponds, bogs, rocky barrens on high hilltops, and younger stands resulting 
from natural disturbances . Prior to this study, the area had not been 
logged . The study area was within the Corner Brook Section of the Boreal 
Forest Region of Canada (Rowe 1972). The predominant forest type was 
balsam fir (Abies balsamea) -black spruce (P icea mariana) usuall y with 
intermixed white birch (Betula papyrifera) . White spruce (Picea glauca) 
and larch (Larix laricina) stands were also present. At low elevations 
eastern white pine (Pinus strobus) was commonly mixed with balsam fir and 
black spruce. 
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Swnmers in this region are cool (mean July temperature 17°C) and 
winters moderately cold (mean January temperature -6°C). Annual 
precipitation averages 115 cm with mean annual snowfall of 520 cm 
(averages from Stephenville weather station). 
During the course of the study, 28,490 cubic meters (7860 cords) of 
pulpwood were harvested from two clear-cuts totalling 259 hectares within 
the experimental area (Figure 1). The area cut comprised approximately 
3% of the overall 100 km2 study area. In addition, 4.3 km of capitol road 
and 2. 6 km of forest access road were constructed (Bissonette et al. 
1988) . 
METHODS 
I documented marten movements and habitat use before, during , and 
after forest harvesting. Marten were captured using National live traps 
(57xl5xl5 cm) . When handling was necessary, marten were immobilized with 
ketamine hydrochloride . First premolars were pulled for age determination 
by analysis of c ementum annuli (Matson's, Milltown, Montana). Marten were 
fitted with radio collars (Lotek Engineering, Aurora, Ontario) weighing 
approximately 50 g, with a life expectancy of six to eight months. 
Telemetered marten were relocated by triangulation one to three 
times daily during the swnmers and winters of 1986 and 1987 with a 
Telonics TS-1 scanner receiver and a hand held RA- 2AK "H" antenna . 
Relocation was less intensive during spring and fall. Daily relocation 
schedules were designed to minimize autocorrelation of the relocation data 
(Swihart and Slade 1985a, Swihart and Slade 1985b) and to yield locations 
from all hours. 
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An indication of system error was gained when animals were located 
by triangulation and then subsequently found in traps or resting sites 
an l when the locations of dead animals were triangulated prior to 
se.rching for their carcasses. Error was reduced by using ~3 bearings 
fo: most locations, by discarding obviously aberrant bearings, and by 
diicarding locations with large relative confidence ellipses (Lenth 1981, 
Do,ge and Steiner 1986). I calculated a confidence ellipse for each 
location, using an error angle variance of one for all bearings, to get 
an indication of the relative precision of the relocation. 
Harmonic mean (Dixon and Chapman 1980) home range boundaries were 
determined using the software Program Home Range (Samuel et al. 1985a). 
I 1sed 95% utilization contours, yielding conservative estimates , to 
define home ranges. 
I used log likelihood ratio goodness-of - fit tests (G-tests) coupled 
with 95% Bonferroni simultaneous confidence intervals (Neu et al. 1974) 
to c ompare use of clear-cut habitats within composite home ranges to that 
exfected if marten used habitats proportional to their occurrence within 
hone ranges. Home range areas were summed within treatment groups 
(re s ident kits, resident adults) to form composite home ranges . 
Similarly, the clear-cut area within individual home ranges and the 
obs=rved use of these areas by individual marten were summed to allow 
ass~ssment of clear-cut use . Use of clear-cuts during and after cutting 
by r esident adults was compared to use before cutting using a G-test of 
ind=pendence. AG-test of independence and standardized residuals were 
used to examine differences in clear-cut use between resident kits and 
res l dent adults. 
RESULTS 
The mean telemetry error angle calculated from relocations of 
trapped or dead animals was 5.7° (SD - 4.7, N = 15). 
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Resident kits (N = 2) and older residents (N = 3) avoided the 
clear-cuts (kits: one tailed G = 2.831, df - 1, P<0 . 01; older 
residents: one tailed corrected G - 28.02, df = 1, P<0.001). Kits were 
found in clear-cuts 11 of 78 relocations (14.10%); their composite home 
range was 21.6% clear-cut (Table 1). Older residents were found in 
clear-cuts seven of 240 relocations (2 . 92%); their composite home range 
was 12 . 5% clear-cut (Table 1). These areas were regularly used by 
resident marten prior to clear-cutting. 
Before cutting, two adults were found within the areas to be cut 
on 24 of 125 relocations (19 . 2%) (Table 2); these areas comprised 16.2% 
of their composite home range. However during and after cutting , 
resident adults (N = 3) showed significantly reduced use of the clear-
cut areas (one tailed William's corrected G = 26.13, df = 1, P<0.001). 
When I compared habitat use between age classes, I found that kits 
used clear-cuts relatively more than older residents (one tailed 
William's corrected G = 11.14, df = 1, P<0.001). Resident kits were 5 . 5 
times more likely to be found in the clear-cuts than older residents . 
Controlling for clear-cut availability, kits were 3.2 times more likely 
to be found in the clear-cuts than older residents. Examination of the 
standardized residuals (Table 3) also suggests that kits used clear-cuts 
more than adults, while adults made proportionately greater use of other 
habitats. However, kits were 6 . 1 times and older residents 33 times 
more likely to use habitats other than clear-cuts . Controlling for the 
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unequal availability of clear-cut and other habitats, kits were 2.6 
times and adults 8.3 times more likely to use habitats other than clear-
cuts. 
Marten tracks observed during winter 1987 also showed avoidance of 
clear-cuts. Marten typically went around clear-cuts and rarely crossed 
them. On four instances when marten tracks were seen to cross clear-cut 
areas wider than 200 m, series of small residual tree clumps were used 
to make the crossings in all but one instance . 
DISCUSSION 
Most of the clear-cut "use" by older marten was incidental travel 
through cutovers. The greater use by resident kits was probabl y due to 
inexperience; at this time (fall 1986) the kits were still learnin g how 
and where to forage. Kit home ranges contained almost twice the clear-
cut area as older marten . The kits used for these calculations were 
still occupying portions of their natal home ranges and had not yet 
dispersed, although they were independent of their mother. 
Several studies have shown that marten avoid clear-cuts. Marten 
in Wyoming did not use one year old clear-cuts (Clark and Campbell 
1977). In Maine, marten tolerated three to 16 year old clear-cuts using 
them lightly only in late swruner when berries were present . During 
summer and winter they concentrated their use in the uncut forest 
(Steventon and Major 1982). In Newfoundland, Snyder and Bissonette 
(1987) found that marten seldom used clear-cuts; instead they used the 
uncut forest and residual stands within the clear-cuts. Thompson (1986) 
found clear-cuts were sub-optimal marten habitat in Ontario. Marten in 
uncut areas encountered two to three times more prey items and killed 21 
Accordingly, Soutiere (1979) found that marten were three times more 
abundant in uncut areas than in areas that had been 50% clear-cut and 
25% selectively cut. 
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Similarly, several studies have found that marten prefer mature 
coniferous or mixed forest with high overstory density. Hargis (1982) 
and Spencer et al. (1983) in California, Clark and Campbell (1977) in 
Wyoming, Koehler and Hornocker (1977) in Idaho, Raine (1983) in 
Manitoba, Douglas et al. (1983) in the Northwest Territories, Thompson 
(1986) in Ontario, Soutiere (1979) and Steventon and Major (1982) in 
Maine, Bateman (1986) and Snyder and Bissonette (1987) in Newfoundland 
all found this to be the case. Buskirk (1983) in Alaska indicated that 
a mosaic of vegetation types including non-forested areas comprised 
important marten habitat. However, his data indicate that 92% of his 
relocations were in coniferous or mixed forests, although these cover 
types comprised only 52% of his study area. In Alaska, Vernam (1987) 
studied habitat use by marten in an area that was 60% burned eight year s 
before . He found that marten used both burned and unburned habitats, 
but unburned white spruce and mixed woods were preferred while wet 
meadows were avoided. He also reported that some form of overhead c over 
was necessary when marten used burned habitats. Wind-thrown trees on 
his study area apparently provided that cover. In the Southwest Brook 
area of Newfoundland, Bateman (1986) found that marten preferred mixed 
balsam fir-white birch stands with overstory densities of at least 76%. 
This forest type had the highest abundance of meadow voles (Hicrotus 
pennsylvanicus), the most important prey of marten in Newfoundland 
(Tucker 1988). 
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Marten in the present study appeared to follow these patterns, 
making little use of the new clear-cuts and up to ten times greater use 
of other habitats. Increased summer use of the clear-cuts was not 
observed. Although marten in this study did frequently use berries 
during the summer (Tucker 1988), berries were not common in the clear-
cuts the first summer after cutting. 
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Table 2.1. Expected and observed proportions of marten relocations in 
clear-cut and other habitats, and 95% simultaneous confidence intervals 
for observed values. 
Expecteda Observed ± 95% C. I. 
Kits 
Clear-cuts 0.216 0.141 ± 0 . 0891 
Other habitats 0.784 0.859 ± 0.0891 
Older residents 
Clear-cuts 0.125 0.0292 ± 0.0246 
Other habitats 0.875 0. 971 ± 0.0246 
aExpected values based on the proportion of habitats within composite home 
ranges; see text . 
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Table 2.2. Observed habitat use by resident adults before and after 
clear-cutting . 
# Relocations # Relocations 
Clear-cut areas Other habitats Total 
Before cutting 24 101 125 
After cutting 7 233 240 
Total 31 334 365 
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Table 2.3 . Observed habitat use by resident kits and resident adults and 
standardized residuals. 
Observed 
Total 
Resident Kits 
Resident Adults 
Total 
Standardized residuals 
Resident Kits 
Resident Adults 
# Relocations 
In Clear - cuts 
11 
7 
18 
Relocations 
in Clear-cuts 
3 . 13 
-0 .4 85 
# Relocations 
Other Habitats 
67 
233 
300 
78 
240 
318 
Relocations 
Other Habitats 
-0 . 768 
0.438 
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CHAPTER III 
BEHAVIORAL RESPONSES OF AMERICAN MARTEN TO A 
PREY DECLINE IN NEWFOUNDLAND, CANADA 
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Variation in resource abundance and availability influences the 
costs and benefits of obtaining required resources and therefore the 
behavior of the territory holder (Lima 1984). The size of defended areas, 
the energy spent in defense, the amount of overlap with conspecifics, and 
whether territories are maintained at all may be adjusted to cope with 
changing costs and benefits (Gill and Wolf 1975, Simon 1975, Carpenter and 
Macmillen 1976, Myers et al . 1979, Davies and Houston 1981, Stamps and 
Tanaka 1981b, Mares et al. 1982, Hixon et al. 1983, Stamps 1983, Stamps 
1984, Boutin and Schweiger 1988) and to balance immediate and prospective 
resource values (Stamps and Tollestrup 1984). For example, the iiwi 
(Vestiaria coccinea) , a Hawaiian honeycreeper, was found to vary the 
effort spent on territory defense in response to changes in food density 
(Carpenter and Macmillen 1976). As food densities declined below an upper 
threshold, the effort expended in territory defense increased until food 
densities dropped below a lower threshold. Below the lower threshold and 
above the upper threshold territoriality ceased. These thresholds were 
determined by the daily cost of living and by the pressure of competing 
birds (Carpenter and Macmillen 1976) . In contrast to the immediate values 
affecting feeding territoriality in iiwis, territoriality in male 
chipmunks (Tamias striatus) was based on a prospective (future) resource 
value, mating access, during spring and summer (Galloway and Boonstra 
1989). Males set their densities according to local densities of females. 
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Midway through a 20 month study investigating the effects of cle a r-
cutting on American marten (Hartes americana) spatial dynamics, the major 
prey species, meadow voles (Hicrotus pennsylvanicus), suddenly declin e d to 
near extirpation . The vole decline was first noticed in Octob e r 1986 
(Tucker 1988) . At this time the density of voles, the most important pre y 
item for marten on the study area, had declined from 25 /hectare in June 
1986 to 7 .1 /hectare in October 1986. Masked shrews (Sorex cine r e us ) 
during the same period declined from 26. 6 /hectare to 15. 9 / h ecta r e 
although no statistically significant differences were detected . By June 
1987, no v oles could be found on the study area, while shrew de ns i ty was 
unchanged from October 1986 . The meadow vole decline apparentl y oc cur r e d 
regionwide, and constituted a major decline in prey abundance . Declin e s 
were not apparent for other prey species. 
My objective here is to describe how the sudden decreas e in pr ey 
a b und a nce influenced important aspects of marten social spacing in clud i ng 
home rang e overlap, abandonment, colonization , and siz e a nd di spe r sal . 
Also discussed are the roles of mating access and intruder pressu re, whi ch 
were secondarily affected by the prey decline , in controlling soc i a l 
spacing in marten. I conclude by discussing whether the observed d ecline 
in t he marten population was mediated through changes in spacing be h av i o r . 
STUDY AREA 
The 100 km2 study area was located approximately 50 km south o f 
Corner Brook, Newfoundland, between Grand and Little Grand Lakes (Figure 
1) . Topography ranged from rolling to mountainous, with elevations from 
120 to 630 meters. Mature and old-growth forest was interspersed with 
ponds, bogs , rocky barrens on high hilltops , and younger stands 
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resulting from natural disturbances. Prior to this study, the area had 
not been logged. The study area was within the Corner Brook Sec t ion of 
the Boreal Forest Region of Canada (Rowe 1972). The predominant fores t 
type was balsam fir (Abies balsamea)-black spruce (Picea mariana) usu a ll y 
with some white birch (Betula papyrifera) . White spruce (Picea gl auca) 
and larch (Larix laricina) stands were also present. At low elevations 
eastern white pine (Pinus strobus) commonly was mixed with balsam fir and 
black spruce . 
Summers in this region are cool (mean July temperatur e 17°C) and 
winters moderately cold (mean January temperature -6 °C). Annual 
precipitation averaged 115 cm with mean annual snowfall of 520 cm 
( averages from Stephenville weather station). 
Six small mammal species were present on the study area : mea dow 
v oles , masked shrews , red squirrels (Tamiasciurus hudsonicus) , de e r mice 
(Perom y scus maniculatus) , snowshoe hare (Lepus americanus ), and eastern 
chipmunks ( Tamias str i a t us ) (Tucker 1988). Of these, deer mi ce (Tucker et 
al . 1988) and chipmunks were very uncommon . Hare occurred in lo w numbers 
on the old-growth study area due to their preference for regener ating 
stands . Meadow voles and masked shrews comprised the majority of the food 
items consumed by marten while snowshoe hare , red squirrel s, birds, 
ca rrion, and berries were used infrequently (Tucker 1988) . 
METHODS 
Study Design 
Marten spacing and movements were monitored before, during, and 
after a regionwide prey decline. For the analysis, the pre-decline 
study period ran from January 1986 through August 3, 1986. The declin e 
period began August 4, 1986 and ended November 14, 1986. The post-
decline period began November 15, 1987 and ended August 17, 1987. 
Through the rest of this chapter, these three periods will be referred 
to as "before," "decline," and "after," respectively. 
Marten Capture and Telemetry 
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Initial marten trapping was done in November 1985. Trapping 
resumed in January 1986 when the study began, and continued into August 
1987. The goal was to capture all marten residing on the study area and 
as many of the transients passing through the area as possible. 
Marten were captured using National live traps (57xl5xl5 cm). 
When handling was necessary, marten were immobilized with ketamine 
hydrochloride. First premolars were pulled for age determination by 
analysis of cementum annuli (Matson's, Milltown, Montana). Thirty-seven 
of 40 marten captured on the study area were fitted with radio collars 
(Lotek Engineering, Aurora, Ontario) weighing approximately 50 g, with a 
life expectancy of six to eight months. All collars included a 
mortality sensor set to six hours. 
Telemetered marten were relocated by triangulation one to three 
times daily during the summers and winters of 1986 and 1987 with a 
Telonics TS-1 scanner receiver and hand-held RA-2AK "H" antenna. 
Relocation was less intensive during spring and fall. Daily relocation 
schedules were designed to minimize autocorrelation of the relocation 
data (Swihart and Slade 1985a, Swihart and Slade 1985b) and to yield 
locations from all hours. 
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Radio collared marten outside the study area were relocated when 
possible. Aircraft were used to search for far-ranging individual s. I 
tried to find all collared marten that left the study area. 
An indication of system error was gained when animals locat e d by 
triangulation were subsequently found in traps or resting sites, and when 
the locations of dead animals were triangulated prior to searchin g f o r 
their carcasses. The mean error angle calculated from these trial s was 
5.7° (SD= 4.7, N = 15). Error was reduced by using ~3 bearings f o r mos t 
locat i ons , by discarding obviously aberrant bearings, and by dis carding 
locations with large relative confidence ellipses (Lenth 1981, Dod ge and 
Steiner 1986) . A confidence ellipse was calculated for each lo cation 
using an error angle variance of one for all bearings to get an indi cation 
of the relative precision of the relocation. 
Home Range Analysis 
Home range and core area boundaries were determined by the h armon i c 
mean ( Dixon and Chapman 1980) and the %-use convex polygon (Michener 1979, 
Bowe n 1982) techniques as implemented by Program Home Range ( Samu e l et a l . 
19 85a ). For the conve x pol y gon technique, the 100 % utili z ation contour 
was u se d to estimate home rang e s for all animals ; a 95 % uti lization 
co ntour was used with the harmonic mean method . These u tili zat i on 
c ontours yielded conservative estimates of home range size . Convex 
polygon estimates were calculated to allow comparisons with past studi e s. 
Core areas were defined as those areas within a home range wher e use 
e x ceeded that expected from a uniform distribution (Samuel et al . 198 5b ). 
Large areas of lake, barrens, or clear-cuts included wi th i n 
calculated home range and core area boundaries were subtracted fro m t he 
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calculated size to yield "effective" size . Although both estimates of 
effective home range size are presented, harmonic mean estimates were used 
in the discussions. 
Outlier locations were excluded from home range calculations because 
of their potential to highly bias home range and core area estimates. 
Outliers represent infrequent excursions outside of an animal's normal 
home range . Their exclusion results in a more conservative estimation of 
home range that more closely approximates normal movements. 
Significant autocorrelation within a data set usually causes home 
range estimates to be too small (Swihart and Slade 1985a) . Three indices 
were used to test for significant autocorrelation : Psi (Swihart and Slade 
1985a), Gamma (Swihart and Slade 1986), and t 2/r 2 (Swihart and Slade 
1985b). Consecutive locations used in home range calculations were 
separated by a minimum time of six hours although most were separated by 
eight hours or more. If significant autocorrelation was detected, 
suspected offending locations were excluded and new estimates calculated . 
Despite these p r ecautions, significant autocorrelation in some data sets 
was unavoidable. Regardless , the use of 95% harmonic contours and the 
presence of autocorrelation in some data sets make the estimates of home 
range presented here consistently conservative. 
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RESULTS 
Changes in Home Range Overlap 
Temporal, spatial, and% use overlap of intrasexual home ranges were 
examined . Resident marten were considered to overlap temporally if the y 
were found less than 250 m of each other within 15 minutes. Spati a l 
overlap considered the % of home range area overlapped by neighbori ng 
marten. Percent use overlap represents the% of total home range u se 
within the area of spatial overlap . Spatial and use overlap were 
c alculated using effective home ranges and core areas. 
Temporal overlap between residents was rare. Six instances o f 
t e mporal overlap between resident males were documented while no i n s tances 
o f temp or al overlap among resident females were observed. Instan ce s of 
temporal overlap occurred during all study periods and no tr e nd s we r e 
discernable. The prey decline had no noticeable effect on tempor a l 
ov erlap. Apparently marten rarely used the same spot at the sam e time 
eve n when high spatial and use ov erlap were apparent . 
Be fore the prey decline , intrasexual spatial overlap of ma rt en home 
r anges was high with mean overlap between neighboring males of 2 1. 8% (N = 
4) and neighboring females of 7 . 9% (N = 2) (Table 1) . Spatial ov erl ap 
decreased dramatically after the prey decline. Mean ove r lap betwee n 
ne ighboring males decreased to 12.2% (N = 2) during, and 0.4% (N = 4 ) 
af t e r the pre y decline ( one way ANOVA df 9, F = 7 . 13, P = 0. 02 1 ; 
Fischer's LSD test "before" x "after" P<0 . 05) . Females showed the same 
trend with mean overlap decreasing to zero (N = 2) after. This trend was 
apparent for each resident marten (Figs . 2,3) . 
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Use overlap of home ranges similarly declined after the prey 
decline. Mean use overlap among neighboring males was 21 . 2% (N = 4) 
before, 6.4% (N = 2) during, and 0.2% (N = 4) after the prey decline (one 
way ANOVA df = 9, F - 4.01, P = 0.069; Fischer's LSD test "before" x 
"after" P<0.05) (Table 1.). Mean use overlap for neighboring females 
declined from 5. 3% (N = 2) before to zero after (N = 2) . 
collared residents followed this trend. 
Effects on Dispersal and Colonization 
Again, all 
Home range abandonment, transient-resident ratios, colonization , and 
dispersal were examined before, during, and after the prey decline. 
Home Range Abandonment.---Three probable instances of home range 
abandonment by residents were noted during and after the prey declin e, 
although none were noted prior to the prey decline. All were females . In 
early September 1986, contact was lost with marten 39; she had occupied an 
area along the north shore of Little Grand Lake for at least the pre vious 
seven months. During the next month, only two ambiguous locations were 
obtained. On October 8 she was found dead on the south side of Little 
Grand Lake 1 . 6 km from her previous home range. To reach this point she 
either would have had to swim a minimum of 300 m across the lake or go 
around, a minimum distance of eight km. The second instance involved the 
disappearance of marten 32. She occupied the western-most portion of the 
study area for the first ten months of the study but began moving to other 
areas in November 1986, during the prey decline. In December or early 
January 1987 she slipped her radio collar and was not found again despite 
intensive trapping efforts. She either dispersed from the study area or 
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died. Marten 49 shifted her home range during the winter of 1987 and 
eventually abandoned the area by spring. 
Transient-Resident Ratios, Colonization, and Dispersal.---The ratio 
of transients to residents found on the study area also increased 
following the prey decline . Prior to the decline, the ratio of transients 
to residents was 9:9, but changed to 10:6 during the prey decline, and to 
7: 3 after. Transients became relatively more abundant than residents 
despite having higher mortality rates (see Chapter I). A disease outbreak 
during fall 1986 caused at least part of the drop in total numbers of 
marten found (see Chapter I) . 
Most of the relative increase in transient numbers after the p rey 
decline resulted from females. The ratio of female to male dispers e rs 
changed from 4:5 before, 6 : 4 during, and finally to 5:2 after the pr ey 
decline. 
There are at least two non-exclusive explanations for the r e l ative 
increase in transients and females in the transient population . Th e f i rst 
invol v es abandonment of home ranges . Secondly, transients may ha v e b ecome 
more mobile , perhaps due to an increased urgency to find food or a 
decreased tolerance by resident marten for transients on thei r home 
ranges . Evidence for the first explanation is the apparent home range 
abandonment by three study area residents . Additional evidence i s t h e 
appearance of marten 69 at the end of the study, a four year old f ema l e 
who eventually established a home range on the study area. Prior to her 
appearance, all transients captured on the study area, for which ages were 
available (N = 19), were less than two years old. 
Evidence for high transient mobility might include increased 
movement rates and dispersal distances, as well as longer periods of 
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dispersal before home range colonization. Data on transient movement 
rates were not available. However, minimum dispersal distances for five 
marten were documented, two before and three after the prey decline. 
Straight line travel distances ranged from 24 to 40 km, with no apparent 
differences between the two periods. However, colonization of vacant 
habitat on the study area was much slower after the prey decline than 
before. 
Time to colonization was quantified using a "home range vacancy 
week" measure (HRW). An HRW was defined as an area apparently suitable 
for residency by a marten of a given sex that remained vacant for one 
week. "Suitable areas" were determined based on use patterns before the 
prey decline . Three marten colonized the study area before the prey 
decline (# 42, 46, 49), while only one (# 69) colonized after. None 
colonized during the decline period. Al though there was much more 
unoccupied space available on the study area after the prey decline, it 
was not readil y colonized by transient marten . Before the prey crash, 
two males coloni ze d in a total of 38 HRW and one female colonized in 27 
HRW. After the prey decline, one female colonized in 104 HRW . In other 
words, before the prey decline, vacant habitat was filled relatively 
quickly, while after, vacant habitat was not readily colonized even though 
much more habitat was available . For at least two months in the "after" 
period, there were no resident females on the study area. 
The difference in colonization rates for females cannot be explained 
by fewer female transients moving through the study area after the prey 
decline because roughly the same numbers of female transients were found 
before, during, and after (four, six, and five, respectively). In this 
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case, slow recolonization implies that marten dispersed for longer periods 
of time after the prey decline than before . 
In summary, the prey decline affected colonization and dispersal on 
the study area in several ways. Home range abandonment by female 
residents (a form of dispersal), and slower recolonization of vacated home 
ranges by females, indicating an increase in dispersal duration, led to 
an increase in the proportion of transients found on the study area, and 
an increase in the ratio of female to male dispersers after the prey 
decline . However, it is unclear whether dispersal distance by individual 
marten was affected. 
Changes in Home Range Size 
Coincident with the prey decline one marten increased its home range 
size to include unoccupied habitat while a second showed a small increase 
in home range size before abandoning the area. A third marten apparently 
was prevented from expanding its home range by contiguous residents of the 
same sex . Home range data for other resident marten were available for 
only one of the three study periods. 
Male 28 doubled his effective core area and home range after the 
prey decline (Table 2). His effective home range size increased from 9 . 24 
km2 to 18 . 81 km2 . He retained all of his previous home range, while 
expanding to include all of the known home range of neighboring male 29 
that died (Figure 2). Resident male 43, inhabiting an area adjacent to 
male 29 but largely outside of ground telemetry range, also began 
occupying the vacant range immediately but died in November 1986. 
Female 49 showed a small increase in home range size after the prey 
decline (Figure 3). During the decline she had an effective home range 
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size of 6.84 km2 (Table 2) . During winter 1987 she shifted and expanded 
her home range to 7.81 km2 before apparently abandoning the area during 
spring. 
Male 42 showed a slight decrease in effective home range size though 
his core area size remained unchanged. Prior to the prey decline, his 
effective home range included 5.18 km2 of habitat; after the prey decline, 
his effective home range size decreased to 4. 53 km2 (Table 2) . This 
apparent decrease may have resulted from less complete documentation of 
his home range. My% of successful relocations attempts decreased after 
the prey decline indicating an increase in the undetected portion of his 
home range (Table 3). Male 42 used areas adjacent to his documented range 
that were beyond the limits of ground telemetry . Nevertheless, his actual 
home range size probably changed little after the prey decline. 
Contiguous resident males apparently prevented an increase in home range 
size . 
Of the marten discussed in this section only male 42 showed a change 
in the% of successful relocation attempts (Table 3), suggesting that the 
observed increases in home range size by marten 28 and 49 were not an 
artifact of sampling . 
DISCUSSION 
The decline in prey abundance coincided with several changes in 
marten movement and spacing behaviors. Intrasexual home range overlap by 
residents was eliminated, and all female residents present before the prey 
decline either abandoned their home ranges or died (partially a result of 
disease, see Chapter I). The proportion of transients in the population 
increased as did the proportion of females in the transient population, 
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although the absolute number of transients decreased . Recolonization of 
vacated habitats was slower, and individual dispersal duration increased. 
The lack of an obvious alternative explanation for these changes suggests 
that they occurred in response to the prey decline. 
The marten disease epizootic of fall 1986 had few residual effects 
on the spacing behaviors described here. The outbreak was characterized 
by high mortality rates, particularly for transients (see Chapter I) . 
Ten marten deaths were documented on the study area. Three were resident 
adults, one a predispersal kit; the others were transients. Although 
resident deaths affected transient-resident ratios, these home ranges were 
not recolonized by new individuals, despite the high numbers of transients 
passing through, particularly during fall 1986 . The deaths of two male 
residents also affected the home range size of another resident male; 
marten 28 doubled his home range size. Male 28 did not expand his home 
range before the prey decline when other adjacent habitats were 
unoccupied, suggesting that his expansion after the decline was in 
response to reduced prey density . The disease deaths had no identifiable 
effects on home range overlap, or dispersal and colonization . 
Extensive intrasexual home range overlap in resident marten has 
rarely been documented and is usually believed to be non-existent or only 
seasonal among the more carnivorous mustelids (Lockie 1966, Erlinge 1974, 
Erlinge 1977 , Powell 1979 , Erlinge and Sandell 1986, Thompson and Colgan 
1987) . The lack of documentation likely results from the paucity of 
studies providing detailed home range information for most of these 
species rather than rarity of occurrence in mustelids. Hawley and Newby 
(1957), however, reported that residents of the same sex were evenly 
distributed with little home range overlap, except for two males with 
extensive overlap. 
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Clark and Campbell (unpubl. rep., 1977) noted that 
although male marten ranges appeared to be exclusive, female ranges 
overlapped extensively. Other instances of extensive intrasexual home 
range overlap between marten are apparently lacking. However, male stoats 
(Hustela erminea) and weasels typically have vast overlapping ranges 
during the spring and summer mating season but defend intrasexual 
territories through the fall and winter. Females maintain intrasexual 
territories throughout the year (Erlinge 1974, Erlinge 1977, Erlinge and 
Sandell 1986) . 
Few empirical or theoretical studies have addressed the question of 
how changes in food abundance affect the amount of effort an owner expends 
on territory defense . In the present study, the energy put into territory 
defense by marten appears to have increased with decreasing food 
abundance , as suggested by the elimination of intrasexual home range 
overlap immediately after the prey decline. Variations in the amount of 
effort put into territorial defense have also been noted for the iiwi , a 
Hawaiian honeycreeper. Iiwis put the most effort into defense when food 
densities were low. Below this threshold, territories were not defended 
(Carpenter and Macmillen 1976) . Schoener (1971) presented a model 
predicting similar results. Similarly, increased territory overlap was 
observed in juvenile lizards as resource density (predator refuges or food 
in the dry season) was increased (Stamps and Tanaka 1981a , Stamps 1983, 
Stamps 1984). 
The long distance dispersal by marten seen in this study did not 
appear to be associated with low food abundance. Dispersal distances 
ranging from 40-80 km have been observed for marten in Ontario (Thompson 
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and Colgan 1987), Manitoba (Raine 1982), Montana (Weckwerth and Hawley 
1962), and Alaska (Vernam 1987). 
My results suggest that the prey decline was more severe for female 
than male marten. Home range abandonment was noted only for female 
residents during and after the prey decline. As a result, a higher 
proportion of female transients was noted after the prey decline even 
though female transients incurred the highest mortality rate. By spring 
1987, the study area was devoid of female residents. Resident marten in 
Ontario showed similar fidelity prior to a prey decline but did not 
abandon their home ranges until the second year of low food abundance 
(Thompson and Colgan 1987). In this case, home range abandonment by 
residents led to an unusually high commercial marten catch comprised of 
a high% of adults . Marten responded similarly to a 1986 prey decline in 
Labrador. Annual marten harvests in Labrador from 1983 to 1985 ranged 
from 1200 to 1900, however 5000 marten were trapped in 1986 with no 
increase in trapping effort from previous years . Additionally, there was 
a large increase in marten sightings in 1986 (Phillips pers . com., Sept . 
1987). 
In a marten population decline in Montana, the sex ratio of 
residents quickly changed from nearly 1: 1 before the decline to being 
heavily skewed in favor of males, as female residents disappeared (Hawley 
and Newby 1957). This also was observed in the present study, although 
female residents in Ontario did not show a similar decline (Thompson and 
Colgan 1987). 
Female marten, as well as females of other highly carnivorous 
mustelids, are considered to be more susceptible to energetic stress in 
times of food scarcity (Hawley and Newby 1957, Weckwerth and Hawley 1962) 
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and therefore might be expected to abandon territoriality and even home 
ranges before males, as food density declines or becomes more variable 
(Carpenter and Macmillen 1976, Lima 1984). A second possibility is that 
the hardship of the prey decline was intensified for females as a result 
of being expelled from their ranges by resident males. It has been 
suggested that resident male weasels and stoats may expel females residing 
on their home ranges when the food supply is in decline (Lockie 1966) . 
In gray squirrels , dominant males excluded juveniles and females from the 
best habitats, relegating them to poorer areas after a decline in food 
abundance. Losses of juveniles and females accounted for most of the 
observed population decline (Gorman and Roth 1989). 
Alternatively, Sandell (1989) hypothesized that although the spacing 
patterns of solitary female carnivores are based on food , male spacing 
patterns are primarily based on access to females for mating, at least 
during the breeding season; therefore, males would not be expected to 
expel females from their ranges. In Ontario, the spacing of adult female 
chipmunks was determined by food, while adult males during the breeding 
season set their spacing based on the density of adult females (Galloway 
and Boonstra 1989). In areas where all females had been removed 
experimentally, most adult males abandoned their home ranges; many 
individuals moved to an area where all males had been experimentally 
removed but females remained . 
In the present study, male marten did not appear to adjust their 
spacing behavior based on female access. Males did not increase their 
home range sizes during the breeding seasons, as predicted by Sandell 
(1989). Although male home range overlap was high during the breeding 
season in 1986, it was non-existent in 1987 . Additionally, even though 
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there were no female residents on the study area during the 1987 breeding 
season, none of the male residents abandoned their home ranges to begin 
searching for females as the theory predicts. 
Other studies of mustelids have noted inverse relationships between 
prey abundance and home range or territory size. Marten in Ontario 
increased their home range sizes, but not until the second year of 
decreased food abundance (Thompson and Colgan 1987). Early in a marten 
population decline in Montana, three male residents expanded their ranges 
to occupy the range of a fourth resident male after his disappearance 
(Hawley and Newby 1957) . Home range size was also inversely related to 
prey density in weasels (Mustela nivalis) (King 1975). Although 
inconclusive, my results suggest that marten expanded their home ranges 
after the prey decline when there were unoccupied habitats adjacent to 
their home ranges . 
An in v erse relationship between territory size and food densit y has 
been noted in many instances. Golden winged sunbirds (Nectarinia 
reichenowi) ( Gill and Wolf 1975) , rufous hummingbirds (Selasphorus rufus) 
(Hixon et al . 1983), lynx (Lynx lynx) (Ward and Krebs 1985), and the 
lizard Sceloporus jarrovi (Simon 1975) show this pattern. Mares et al. 
(1982 ) manipulated chipmunk (Tamias striatus) food and population 
densities (intruder pressure) together and singly. They concluded that 
changes in food density affected the changes in home range size while 
population density had no effect, at least for the range of densities 
observed. 
However, in sanderlings territory size was determined by intruder 
pressure, while food density had no effect (Myers et al . 1979) . The 
inverse relationship between food density and territory size resulted 
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indirectly through the inverse relationship between territory size and 
intruder pressure. In areas with high prey density, high numbers of non-
territorial intruders increased the cost of territory defense such that 
individual sanderlings reduced their territory sizes; in areas of very 
high prey density territorial birds were not observed. In red squirrels 
(Tamiasciurus hudsonicus), intruder pressure from territorial neighbors 
was found to prevent residents from increasing their territory sizes, but 
increased intruder pressure from non-territorial squirrels had no effect 
on territory size (Boutin and Schweiger 1988). 
Many models of optimal territory size predict that an increase in 
food abundance or an increase in intruder pressure should result in a 
decrease in territory size (Hixon 1980, Schoener 1983, Lima 1984) . For 
variable environments, however, Lima (1984) predicted that territoriality 
should cease as environmental variability increases because the 
probability of starvation is sensitive to changes in variance. Similarly, 
territoriality may cease when food levels drop below some lower threshold 
(Carpenter and Macmillen 1976). 
In the present study, intruder pressure by transient marten 
decreased slightly after the prey decline from nine transients observed 
before, ten transients during the prey decline, to seven transients 
observed after the prey decline. The increase in home range size by one, 
or possibly two residents after the prey decline was probably a response 
to the decreased prey density and the elimination of intruder pressure 
from territorial neighbors. The marten that did not increase its home 
range size was probably prevented from doing so by contiguous residents 
as in red squirrels (Boutin and Schweiger 1988). Non-territorial 
intruders appeared to have no effect on home range or territory size. 
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In Newfoundland, changes in marten social spacing appeared to be in 
response to food resources. I could detect no effects of mating access 
and intruder pressure from transients on the spatial dynamics of resident 
marten. However intruder pressure from contiguous residents of the same 
sex may have prevented home range expansion for some marten during and 
after the prey decline . 
The observed marten population decline largely resulted from the 
sudden decrease in prey abundance . Changes in movement and spacing 
behaviors resulting from the prey decline as well as actual increased 
mortality (see Chapter I) contributed to the marten decline. Increases 
in home range abandonment, dispersal duration, and reduction in home range 
colonization by females resulted in an increase in the proportion of 
female transients, which in turn contributed to increased female mortality 
rates. 
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Table 3.1. Intrase xual home range overlap between neighbors expressed in 
% • Spatial overlap is presented first followed by use overlap in 
parenthesis . 
Marten# Before Decline After 
Neighbors 
Males 28(29) 35 . 8 (41.1) a NPb 
28(42) 9.4 (5 . 6) 6 . 5 (5 . 3) 0 . 0 
29(28) 25 . 2 (27 . 6) NP 
42(28) 16 . 8 (10.5) 17.9 (7 .4) 0.0 
42(46) 0.7 (0.4) 
46(42) 0.8 (0.3) 
Females 32(49) 9.6 (4.4) NP 
34(49) 0.0 (0 . 0) >0 0 . 0 
39(32) 6 . 2 (6.2) NP 
49(34) >0 0.0 
ainsufficient data for one or both animals during this time period. 
hone or both animal s were not pres ent during this time period. 
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Table 3.2 . Harmonic mean and minimum convex polygon estimates of home 
range and core area size before, during, and after the prey decline. 
Before Decline After 
Females 
#49 6.84a (47)b 7.81 (30) 
2 . 35c 1. 71 
4.21d (42) 8.33 (23) 
#39 8.22 (59) 
3 . 00 
8.31 (46) 4. 34 (18) 
#32 5.34 (88) 
2.45 
4 . 24 (67) 
Males 
#28 9 . 24 (63) 7. 96 (44) 18 . 81 (169) 
3.82 2 . 60 6 . 24 
8 .45 (52) 6. 96 (40) 17 .11 (135) 
#29 13 . 2 (83) 
5.38 
9 . 88 (50) 
#42 5 . 18 (64) 2 . 91 (31) 4 . 53 (96) 
2.20 1.16 2 . 24 
4.26 (46) 3.08 (29) 3 . 65 (76) 
#46 4.01 996) 
2 .13 
3.58 (91) 
a95% harmonic mean home range size in km2 . 
bNumber of relocations used in home range estimation . 
cHarmonic core area size in km2 . 
dl00% minimum convex polygon home range size in km2 . 
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Table 3. 3. Percentage of successful relocation attempts for residents 
before, during and after the prey decline. 
Marten# Before Decline After 
Males 
28 90 80 87 
42 74 59 63 
46 a 74 
29 73 
Females 
39 71 41 
32 66 37 
49 67 69 62 
asufficient data unavailable or animal not present during this study 
period. 
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Fig. 3.2. Home ranges and core areas for male marten before (A), during 
(B), and after (C) the prey decline . Numbers identify individuals. 
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Fig. 3.3. Home ranges and core areas for female marten before (A), during 
(B), and after (C) the prey decline. Convex polygon home ranges are 
presented in B. Numbers identify individuals. 
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APPENDICES 
Appendix 1 
Symptoms and Diagnosis of an Epizootic of 
Marten in Newfoundland 
66 
From 7 October through 1 November 1986, the presence of an unknown 
pathogen was noted among the marten population around Little Grand Lake, 
Newfoundland . Ten marten deaths were documented during this period; all 
are believed to have resulted from pathogenic infection. After 1 
November, no signs of the pathogen could be found in the population . A 
tentative diagnosis of nonsuppurative encephalitis caused by a virus 
(e.g., canine distemper) or protozoan (e . g ., Toxoplasma sp.) has been 
reached by Dr. Ian Barker of the Department of Pathology, Ontario 
Veterinary College. Rabies has been ruled out based on fluorescent 
antibody tests conducted by the Animal Diseases Research Institute, 
Agriculture Canada, in Ottawa . Additional testing for canine distemper 
resulted in no definite diagnosis . 
The clinical symptoms of infection were noted by post-mortem 
examinations of six marten and direct observation of five marten shortly 
before their deaths . Additionally, blood serum samples were taken from 
different marten that later died from disease infection. 
The behavior of four marten was observed immediately before their 
deaths while they were held in captivity; a fifth was observed briefly 
before death but not held in captivity. The first of the disease 
mortalities was a young female, marten 57. She was found in a puddle of 
water south of Little Grand Lake on 7 October. Although conscious, this 
marten was completely oblivious to its surroundings, and could be handled 
easily. She experienced periods of convulsions lasting 30-80 seconds, 
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followed by periods of quiescence lasting three to five minutes. 
Convulsions were characterized by uncontrolled, spasmodic leg and body 
movements, and screaming. During the periods of rest, she appeared to be 
sleeping. Marten 59, a female, displayed similar symptoms with periods 
of convulsions lasting approximately four minutes followed by 20 minutes 
of rest. However, marten 60 and 61 did not have convulsions; they became 
increasingly unresponsive until they curled up and died. A fifth marten 
(#29) was observed as it wandered through marten camp on 17 October. This 
marten was completely unafraid of my presence, at one point walking up and 
placing his forepaws on my leg and peering up at me. He moved slowly and 
clumsily, stumbling on minor obstacles. After this episode he was not 
seen again; presumably he died within a short time. Of the ten marten 
thought to have died from this disease, seven were female and three were 
male. Ages of these marten ranged from less than one and up to six y ears 
old. 
Post-mortem examinations of six marten revealed a variety of 
abnormalities among the internal organs . Two marten had hemorrhagic 
kidneys, bowels, and hemorrhagic and edematous lungs. Two other marten 
displayed lung abnormalities indicating interstitial pneumonitis. Four 
of the marten had notably congested brains or other brain abnormalities; 
two of these also had small spleens. The carcasses of two other marten 
(#35, 39) were too decomposed to permit post-mortem examination, but 
hemorrhaging of internal organs were noted in both. 
Several attempts to culture the pathogen failed . Three ferrets were 
inoculated intraperitoneally and intracerebrally with marten brain 
suspension, but no disease or seroconversion was noted. Marten brain 
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suspensions were inoculated intracerebrally into suckling mice, and into 
VERO cell cultures, but mice did not die, and virus could not be detected 
in the culture. 
Marten blood serum samples were collected from October 1986 through 
August 1987. These samples were checked for the presence of antibodies 
produced as an immune response to the pathogen. However, no antibodies 
were detected, indicating either that the disease produced no 
immunoresponse or the methods used were inadequate to detect the 
antibodies. 
Virology / serology was done by Dr. J. Thorsen of the Department of 
Veterinary Microbiology and Immunology, Ontario Veterinary College, and 
Dr. H. Artsob, Arbovirus Reference Library, Health and Welfare, Canada, 
Department of Microbiology, University of Toronto . Dr . D. Haines , 
Department of Microbiology, University of Saskatchewan, pursued 
immunoperoxidase staining for canine distemper v irus in marten brain and 
lung sections with no success . Postmortem examinations were done by Drs. 
A. Klevorak and D. Chen of the Humber Valley Veterinary Clinic, Steady 
Brook, Newfoundland and Dr. Ian Barker. 
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Appendix 2 
Outcomes of Survival Rate Comparisons 
Z- test results and the observed level of significance for all 
survi val rate comparisons are presented below. The abbreviations are: 
JaS = January through mid-September 1986, SeN = mid-September through mid-
November 1986 , NoJ = mid-November 1986 through January 1987, FeM = 
February through March 198 7 , ApA = April through August 1987 . M = males, 
F = females , YOY = young of year, Y = yearlings, A = adults , T = 
transients, K = kits , R = residents . 
I. Seasons 
JaS SeN NoJ FeM ApA 
SeN Z=3 .18 · Z=3 . 18 Z=0 . 51 Z=3.18 
P<0 . 001 P<0 . 001 P=0 . 305 P=<0 . 001 
FeM Z=l. 75 Z=0 . 51 Z=l. 75 Z=l. 75 
P=0 . 040 P=0 . 305P=0 .0 40 P=0.040 
II . Age-s ex Cl a sses 
mid-September through mid -November 1986 
FYOY MA FA MYOY FY MY 
FYOY Z=l . 08 Z=l . 13 Z=l . 26 Z=l . 45 Z=2 . 04 
P=0 . 14 P=0.129 P=0.104 P=0.074 P=0.0 21 
MA Z=0.14 Z=0.20 Z=0.49 Z=l. 42 
P=0 .444 P=0.421 P=0 . 312 P=0 . 078 
FA Z=0.02 Z=0.28 Z=l. 01 
P=0.492 P=0.390 P=0.156 
MYOY Z=0.32 Z=l . 42 
P=0 . 374 P=0.078 
FY Z=l. 00 
P=0.159 
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February through March 1987 
FYOY FA MA FY MY 
FYOY Z=l.32 Z=l.53 Z=l. 53 Z=l.53 
P=0.093P=0.063 P=0.063 P=0.063 
FA Z=l.01 Z=l.01 Z=l.01 
P=0.156 P=0.156 P=0.156 
MA ZERO MORTALITY 
FY ZERO MORTALITY 
MY ZERO MORTALITY 
Male Adults 
JaS SeN NoJ FeM ApA 
SeN Z=l.42 Z=l. 42 Z=l. 42 Z=l.42 
P=0.078 P=0.078 P=0.078 P=0.078 
FeM ZERO MORTALITY 
Male Yearlings 
JaS SeN NoJ FeM ApA 
SeN ZERO MORTALITY 
FeM ZERO MORTALITY 
Male YOY 
JaS SeN NoJ ApA 
SeN Z=l. 42 Z=l.42 Z=l.42 
P=0.078 P=0.078 P=0.078 
Female Adults 
JaS SeN NoJ FeM ApA 
SeN Z=l.01 Z=l.01 Z=0.26 Z=l.01 
P=0.156 P=0.156 P=0.397 P=0.156 
FeM Z=l.01 Z=0.26 Z=l.01 Z=l.01 
P=0.156 P=O. 397 P=O. 156 P=0.156 
Female Yearlings 
JaS SeN NoJ FeM ApA 
SeN Z=l.00 Z=l.00 Z=l.00 Z=l. 00 
P=0.159 P=0.159 P=0.159 P=0.159 
FeM ZERO MORTALITY 
Female YOY 
JaS 
SeN Z=2.04 
P=0.021 
FeM Z=l.53 
P=0.063 
SeN NoJ 
Z=2.04 
P=0.021 
Z=l. 12 Z=l. 53 
P=O . 131 P=O . 0 6 3 
FeM 
Z=l.12 
P=0.131 
ApA 
Z=2.04 
P=0.021 
Z=l.53 
P=0.063 
71 
III. Age Classes
mid-September through mid-November 1986 
YOY A Y 
YOY Z=O. 68 Z=l. 82 
P=O. 248 P=O. 034 
A Z=l.08 
P=0.140 
February through March 1987 
YOY A Y 
YOY Z=l.43 Z=l.53 
P=0.076P=0.063 
A Z=l.00 
Y ZERO MORTALITY 
Adults 
JaS 
SeN Z=l.74 
P=0.041 
SeN 
P=0.159 
NoJ 
Z=l. 74 
P=0.041 
FeM Z=l.00 
P=0.159 
Z=O. 42 Z=l. 00 
P=0.337P=0.159 
Yearlings 
JaS SeN NoJ 
SeN Z=l. 00 Z=l. 00 
P=0.159 P=0.159 
FeM ZERO MORTALITY 
Young-of-the-year 
JaS SeN NoJ 
SeN Z=2.48 2=2.48 
P-0.007 P=0.007 
FeM Z=l.53 Z=l.29 Z=l.53 
P=0.063 P=O. 099 P=O. 063 
FeM 
Z=0.42 
P=0.337 
FeM 
Z=l.00 
P=0.159 
FeM 
Z=l.29 
P=0.099 
ApA 
Z=l.74 
P=0.041 
Z=l.00 
P=0.159 
ApA 
Z=l.00 
P=0.159 
ApA 
Z=2.48 
P=0.007 
Z=l.53 
P=0.063 
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IV. Sex Classes
mid-September through mid-November 1986 
Males vs. Females Z=l.08, P=0.140 
February through March 1987 
Males vs. Females Z=l.75, P=0.040 
Males 
JaS 
SeN Z=2.0l 
P=0.022 
SeN NoJ 
Z=2.0l 
P=0.022 
FeM ZERO MORTALITY 
Females 
JaS 
SeN Z=2.47 
P=0.007 
FeM 2=1. 75 
P=0.040 
SeN NoJ 
Z=2.47 
P=0.007 
2=0.28 2=1.75 
P=O. 390 P=O. 040 
FeM 
Z=2.0l 
P=0.022 
FeM 
2=0.28 
P=0.390 
ApA 
2=2.01 
P=0.022 
ApA 
2=2.47 
P=0.007 
Z=l. 75 
P=0.040 
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v. Functional-sex Classes
mid-September through mid-November 1986 
FT MT FK MR FR MK 
FT Z=0.27 Z=l.99 Z=2.06 Z=2.10 Z=2.17 
P=O. 394 P=O. 023 P=0.02 P=0.18 P=0.015 
MT Z=l.36 Z=l. 42 Z=l.45 Z=l.51 
P=0.087 P=0.078 P=0.074 P=0.066 
FK Z=0.31 Z=0.99 Z=l.01 
P=0.378 P=0.161 P=0.156 
MR Z=0.38 Z=l. 42 
P=0.352 P=0.078 
FR Z=l.00 
P=0.159 
MK ZERO MORTALITY 
February through March 1987 
FT FR MR 
FT Z=l.43 Z=l.53 
P=0.076P=0.063 
FR Z=l.00 
P=0.159 
MR ZERO MORTALITY 
Male Transients 
JaS SeN NoJ ApA 
SeN Z=l.51 Z=l.51 Z=l.51 
P=0.066 P=0.066 P=0.066 
Male Kits 
JaS SeN NoJ FeM ApA 
SeN ZERO MORTALITY 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Male Residents 
JaS SeN NoJ FeM ApA 
SeN Z=l. 42 Z=l. 42 Z=l. 42 Z=l.42 
P=0.078 P=0.078 P=0.078 P=0.078 
FeM ZERO MORTALITY 
Female Transients 
JaS SeN NoJ FeM ApA 
SeN Z=2.17 Z=2.17 Z=0.09 Z=2.17 
P=0.015 P=0.015 P=0.464 P=0.015 
FeM Z=l.53 Z=0.09 Z=l. 53 Z=l.53 
P=0.063 P=O. 464 P=O. 063 P=0.063 
Female Kits 
JaS SeN NoJ ApA 
SeN Z=l.01 Z=l.01 Z=l.01 
P=0.156 P=0.156 P=0.156 
Female Residents 
JaS SeN NoJ FeM ApA 
SeN Z=l.00 Z=l.00 Z=0.38 Z=l.00 
P=0.159 P=0.159 P=0.352 P=0.159 
FeM Z=l.00 Z=0.38 Z=l. 00 Z=l.00 
P=0.159 P=O. 352 P=O .159 P=0.159 
VI. Functional Classes
mid-September through mid-November 1986 
T R K 
T Z=2.52 Z=2.56 
P=O. 006 P=O. 005 
R 
February through March 1987 
Z=0.41 
P=0.341 
Transients vs. Residents Z=l.49, P=0.068 
Transients 
JaS 
SeN Z=2.65 
P=0.004 
FeM Z=l. 52 
P=0.063 
Kits 
JaS 
SeN Z=l.00 
P=0.159 
Residents 
JaS 
SeN Z=l. 74 
P=0.041 
FeM Z=l.00 
P=0.159 
SeN NoJ 
Z=2.65 
P=0.004 
Z=O. 00 Z=l. 52 
P=O. 500 P=O. 063 
SeN 
SeN 
NoJ 
Z=l. 00 
P=0.159 
NoJ 
Z=l.74 
P=0.041 
Z=O. 60 Z=l. 00 
P=O . 2 7 4 P=O . 15 9 
FeM 
Z=0.00 
P=0.500 
ApA 
Z=l.00 
P=0.159 
FeM 
Z=0.60 
P=0.274 
ApA 
Z=2.65 
P=0.004 
Z=l.52 
P=0.063 
ApA 
Z=l.74 
P=0.041 
Z=l. 00 
P=0.159 
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